Introduction
Vitamin D regulates calcium and phosphate homeostasis by increasing their absorption from intestine and enhancing their renal reabsorption (Holick, 2003a, b) . This homeostasis is important for bone mineralization since in the case of inadequate calcium in the diet vitamin D causes osteoclasts to mature and dissolve calcium from bone. A low serum concentration of vitamin D leads to a lower serum calcium concentration and thereafter to an increased PTH secretion, that is, secondary hyperparathyroidism which follows that bone turnover increases (Lips, 2001) . Rickets in childhood, mild osteomalacia, osteoporosis and an increased risk of hip and other fractures in adults are all known consequences of vitamin D deficiency (Compston, 1998; Utiger, 1998) .
Vitamin D is also a hormone. Its genomic mechanism of action is mediated by vitamin D receptor, which belongs to the family of steroid/thyroid hormone nuclear receptors. It has antiproliferative, differentiative and apoptotic effects on prostate cancer cells in vitro (Ylikomi et al., 2002) . It has effects on cancer invasion and angiogenesis (Schwartz et al., 1997; Mantell et al., 2000; Ylikomi et al., 2002) . In epidemiological studies, vitamin D has been negatively associated to breast (Grant, 2002) and colon cancers (Garland et al., 1989) . Vitamin D deficiency might also be associated to type I diabetes, hypertension, multiple sclerosis and some other cancers (Holick, 2004) .
The main source of vitamin D is previtamin D 3 photolysed from 7-dehydrocholesterol in the skin by the UVB (290-315 nm) of sunlight exposure. This previtamin D 3 is then transformed to vitamin D 3 that is hydroxylated in liver to form 25-hydroxyvitamin D 3 (25-OHD 3 ). Lastly, 25-OHD 3 undergoes 1a-hydroxylation mainly in the kidney to form 1a, 25-dihydroxyvitamin D 3 (1, 25(OH) 2 D 3 ) (Holick et al., 1980) . Serum 25-OHD 3 is the best marker for the vitamin D status since both high serum concentrations in the summer and low concentrations in the winter have been observed in northern latitudes, reflecting the amount of exposure to the sun but it is thought to be a precursor for the most active vitamin D metabolite 1,25(OH) 2 D 3 (Chapuy et al., 1997) . We have recently found evidence that 25-OHD 3 itself acts as an active hormone (Lou et al., 2004) .
Vitamin D sufficiency can be detected from the increase in serum parathyroid hormone (iPTH) secretion that begins to take place when serum 25-OHD 3 concentration falls below 78-90 nmol/l (Krall et al., 1989; Chapuy et al., 1997; Harkness and Cromer, 2005) . In Finland serum 25-OHD 3 concentration of 40 nmol/l is the limit that is clinically used for indicating vitamin D insufficiency.
In Europe, vitamin D insufficiency is common in children during wintertime. In elderly people it might last throughout the year and in institutionalized people serum 25-OHD 3 concentrations are even lower (McKenna, 1992; Jacques et al., 1997; Zittermann, 2003) . Furthermore, vitamin D insufficiency can be regarded as epidemic among adults without sufficient sunlight exposure (Holick, 2003a, b) .
In Finland, vitamin D insufficiency is very common among young men, young girls and healthy adults in wintertime (Lamberg-Allardt et al., 2001; Valimaki et al., 2004) . Thus, from February 2003, after the recommendation by the Ministry of Social Affairs and Health, vitamin D has been added to liquid milk products (0.5 mg/dl), as well as margarines and butter (10 mg/100 g) in Finland.
Our aim was to study the effects of vitamin D fortification on the vitamin D status in young Finnish men.
Subjects and methods

Subjects
The study population was comprised of 196 young Finnish men (18-28 years) undergoing military training in the Finnish Defence Forces as conscripts. They had passed their arrival medical examination as healthy. In January 2003 a representative sample of subjects (n ¼ 96) was recruited at health examination covering all the conscripts (n ¼ 690). Similarly, a representative sample of subjects (n ¼ 100) was recruited at health examination covering all the conscripts (n ¼ 1158) in January 2004, nearly 1 year after national vitamin D fortification had started. The men were invited for the examination a unit at a time and each subject was asked to participate until the target number had been reached. Use of vitamin D supplementation and staying in sunny Southern countries during three previous months were used as exclusion criteria. The research was approved by the Ethical Committee of Tampere University Hospital, Finland. All the volunteers gave a written informed consent. 
Methods
Results
The mean daily intake of milk and margarine among military conscripts were 8 dl and 30 g, respectively. After fortification the young men were ingesting on average 7 mg, that is, 280 IU of vitamin D (8 dl Â 0.5 mg/dl þ 30 g Â 10 mg/ 100 g), daily. The mean serum 25-OHD 3 concentrations during the wintertime increased by 50% after implementation of the vitamin D fortification of dairy products (Table 1) After fortification, five subjects (5%) had serum 25-OHD 3 concentration higher than 100 nmol/l (101-111 nmol/l). After fortification, five subjects (5%) had serum 25-OHD 3 concentration higher than 100 nmol (101-111 nmol/l). However, no clinical signs indicating toxicity were seen, though information on symptoms was not systematically collected. Still, when vitamin D is added in dairy products, there is always a possibility of overdosing in some individuals.
Discussion
Vitamin D fortification covers liquid milk products, (0.5 mg D 3 /100 ml) margarines and butter (10 mg/100 g). Practically all manufacturers have complied with the recommendation in Finland.
Based on average daily intake of milk and margarine in the Finnish Defence Forces these young men were ingesting 7 mg, that is, 280 IU of vitamin D daily after fortification, corresponding to the target level of the Ministry of Social Affairs and Health in Finland. We did not have information on vitamin D intake at individual level, as no dietary information was collected by, for example, questionnaires.
All Finnish men become liable for a 6, 9, or 12-month-long military service at the age of 18 years. Approximately 90% of Finnish men serve in the military. Hence, the military conscripts comprise the vast majority of all young men at the same age in Finland. Yet, diet during military service may differ from the rest of the population and those with major long-standing illness are exempted from military service.
Children and elderly people consume milk products less than military conscripts in the study and are high-risk groups for vitamin D insufficiency. They will probably benefit most from the vitamin D fortification as a national policy.
We also need to consider people not ingesting milk products. Interestingly, a highly significant rise in serum 25-OHD 3 concentrations (from 37 to 94 nmol/l) was shown in subjects ingesting a daily glass of orange juice fortified with 1000 IU vitamin D 3 for 12 weeks. In the same study, a significant 25% decrease in PTH concentrations associated with a 20% decrease in the concentration of urine Ntelopeptide, a marker for bone turnover were shown. Both milk and juice proved suitable vehicle foods in which the vitamin D is placed (Tangpricha et al., 2003) .
Owing to its longer distance through the atmosphere the amount of UVB in sunshine is insufficient for vitamin D production during wintertime at northern latitudes. In Edmonton (521N) the ineffective winter period lasts from October to March (Webb et al., 1988) . In Finland, location between 601 and 701 N, that period is even longer.
We measured serum 25-OHD 3 concentrations in January because the midwinter values better reflect the long duration of vitamin D insufficiency during wintertime. However, it is likely that the lowest serum 25-OHD 3 concentrations are found at the end of wintertime suggesting vitamin D insufficiency still to be found in substantially more than 1/3 of young men in Finland. The long-term effects on health, however, remain to be demonstrated. 
